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CONTACT LENS AND PROCESS FOR designs developed in PMMA material. However, lens thick- 

FITTING ness and resultant patient discomfort continued to be a 

problem. 

TECHNICAL FIELD One of the early benefits recognized with soft contact 

This invention relates to a contact lens that restores the s leDSes waS 'jje comfort and ease of fitting and, for this 

ability to focus on objects within a range of distances near reason ' b y ^ 95 approximately 85% of new contact lens 

to the user (referred to as "natural accommodation"), while wea , rer , S , ™ bemg fitt6 ^ WI * S0 , ft COnl * Ct !° f ! 

retaining the ability to see distant objects. More specifically, ^ :ooUc, l ? a ™ » mmaDd , a lar f sbare £ f * he co ° ta '' 

i ; . . . i iL i lens market, it is natural that considerable effort would be 

this invention relates to a contact lens with a conventional made tQ deyel and multifocal contact lens desi 

spherical concave surface conforming to the curvature of the 10 in ^ COQtact [ ens material 

eye (base curve) and having a non-conventional convex ^ are ^ Qf contact ^ degi for ^ 

surface (optic curve) combining spherical and non constant correction of presbyopia - - - Alternating (or Translating) 

asphencal curvature resulting in an optical system that and simultaneous 

provides true monocular presbyopic correction (correction (1) In the alternating (or trans i at i ng ) vision technique, the 

of presbyopia w each eye independently, instead of partial or 15 m yery ^ ^ . q 

full distance correction in one eye and partial or full near mat t h e wca rer sees through the distance segment in the 

correction in the other) and restores the ph en omenon of upper portion of the lens when looking straight ahead and 

^tuxal_accommodatiojL" Additionally, the invention sees through a lower near vision segment when the eye 

affords a methodology of fitting that substantially reduces (moves) to look down. Alternating vision lenses have proven 

the skill and experience required by the contact lens fitter to 20 to be successful in RGP designs, but have met with little 

a very basic level while affording a high degree of clinical success when designed in soft contact lenses, 

success and patient satisfaction. Perhaps the reason that alternating vision soft contact lens 

Normally between the ages of 40 and 45, presbyopia or designs were not as successful at the same design concept in 

old sightlessness is brought about by loss of elasticity of the RGP materials was because lens translation is necessary for 

crystalline lens of the eye, causing blurred vision at near 25 this design to be successful. The translation from distance to 

points due to the reduction of the ability of the eye's natura l near is achieved through the mechanical action of the lens 

lensto accommodate-th e^cfian ges in curva ture necessary to resting on the lower eyelid and, when the eye looks down, 

"focus off both near and distant objects. the lens remains stable on the lower eyelid causing the pupil 

When a person is free of presbyopia, the eye retains its full 3Q of the eye to translate from the distant vision portion of the 

range of natural accommodation. This type of person's lens to the near vision portion of the lens. Soft lens material 

vision can be corrected by eyeglasses or contact lenses by its nature caused this modality to fail as there was 

providing only the correction required for distance vision, insufficient rigidity in the soft lens to remain properly 

and natural accommodation would automatically provide positioned on the lower eyelid and often the lens would slip 

correction for near and intermediate distance vision. 35 underneath the lower eyelid during translation. 

^.^^^^ T „ m . ™ (2) Simultaneous vision bifocal or multifocal contact 
BACKGROUND ART 

lenses are either concentric or aspheric in design with focal 

For the contact lens wearer who requires presbyopic (or power changing through different areas of the lens. Lenses 

near vision) correction, in addition to distance correction, a are fitted so that distance, intermediate and near zones focus 

variety of options have been available. These individuals 4Q images simultaneously on the retina of the eye and the brain 

may be fitted with single vision contact lenses corrected for then separates out the image desired, 

distance, and wear reading glasses for near correction. Theoretically, with adaptation, the ability to change focus 

Another alternative is to provide a contact lens for one eye naturally from near to far with no blurring in between can be 

that is corrected for distance vision and to provide a contact achieved with simultaneous vision lenses in both RGP and 

lens for the other eye that is corrected for near vision (this 45 soft contact lenses. 

practice is referred to as monovision because only one eye As alternating presbyopic designs proved to be unsuc- 

is corrected for near vision), or the fitting of bifocal or cessful in soft contact lens designs, most of the development 

multifocal contact lenses. work w i th so ft contact lenses was done in the area of 

During the 1950 's, a variety of contact lenses were simultaneous presbyopic correction with concentric designs 

designed for the correction of presbyopia. These contact 50 or aspheric designs. 

lenses, although very innovative in design, met with only During the 1980's, several designs of concentric and 

limited success because the only readily available material aspheric soft contact lenses were introduced. Soft aspheric 

was Poly Methyl Methacrylate (Plexiglass), also known as multifocal contact lenses typically provided relatively weak 

P which does not transmit oxygen. As bifocal and multifocal reading addition power and therefore worked best in early 

designs of the period were quite thick and heavy compared 55 presbyopia. 

to conventional distance correction contact lenses, these Reading addition powers are referred to by eye care 

presbyopic contact lenses were uncomfortable to wear for professionals as "add" power, and represent the difference 

substantial periods of time. Additionally, the fitting of these between the distance correction and near correction pre- 

bifocal and multifocal contact lenses required considerable scribed by an eye care professional for eyeglasses or contact 

time and skill on the part of the contact lens fitter. 60 lenses . Accordingly, a prescription of " -3 with.a _4:2.add" 

During the 1970's, both soft contact lenses and rigid gas (which would be typical for moderate, presbyopia) would 

permeable (RGP) contact lenses were introduced. With the mean that distance vision requires -3 diopters of correction, 

availability of these new materials, renewed enthusiasm and near vision requires an additional 2 diopters of plus 

brought about several new designs for contact lenses for the correction, resulting in -1 diopters of near vision correction, 

correction of presbyopia. 65 In conventional monovision, the dominant eye would be 

RGP materials provide oxygen transmission through the fitted with a -3 distance correction lens, and the other eye 

lens material itself, and afforded new hope for the earlier would be fitted with a -1 near correction lens. 
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This type of solution is often satisfactory in early pres- made with the central distant correction zones and central 

byopia because the user s till has^s o me remaining visual near correction zones. In the latter designs, the central power 

a ccom modatio n and the needed add power is usuall y zones would be corrected by the amount prescribed to 

beJween^OJS.and^^^vhich is usually low enough for correct near vision. It is believed that central near add zones 

the brain to comfortably select the desired image in most 5 have been more successful at correcting presbyopia than 

people. However, conventional monovision becomes less central distance zones, when incorporated in concentric 

satisfactory as presbyopia becomes more advanced because multifocal soft lens designs. Although concentric center add 

the needed add power increases and visual accommodation multifocal designs have the ability to correct higher add 

has deteriorated further, so that the visual imbalance exceeds power requirements, most individuals fitted with this type of 

the brain's ability to select the desired image from the 10 lens experience moderate to significant amounts of visual 

appropriate eye. discomfort due to ghosting of images or a 3-D effect, at near 

Typically, early presbyopes, would be between the age of distances. These effects diminish with adaptation, but still 

40 and 45, and woul_d require add power of between +1.00 cause a high portion of wearers to discontinue the use of this 

a nd +1.50 b T iQ pTers. Moderate presbyopes would usually be tv P e of presbyopic contact lens. 

'between 45 and 55 years and would require add power of 15 The reality of the existing art of presbyopic correction 

between + J..50 and +2.00 diopters.- Mature presbyopes with simultaneous vision contact lenses is that no currently 

would usually be older than age 55 and require an add power available lens system, be it aspheric or concentric, provides 

of between +2. 00^and_+3..0CLdiQ pter ! monocular multifocal correction for moderate to mature 

The add corrective power of current aspheric multifocal presbyopia. In most cases, some form of modified monovi- 

contact lens designs is usually limited to only +0.75 to +1.25 20 sion is required in an attempt to satisfy the visual require- 

diopters because the brain must be able to separate out the mcnt f° r near aQ d far vision. To this end almost all currently 

desired image (and also suppress the undesired images) from available presbyopic contact lens manufacturers indicate in 

the multiple images (near, intermediate or distant) being meir fitting manuals the requirement of compensating one 

simultaneously focused by the multifocal contact lens eve more f° r ncar and the other eye more for distance 

design. In order to achieve this suppression, the images 25 correction. This is the norm rather than the exception, 

cannot be too different from each other. However, if aspheric Additionally, no currently available multifocal contact lens 

corrections are increased in attempts to achieve higher add has the ability to restore the phenomena of natural accom- 

powers, the images become too different for the brain to modation and successful results are difficult to achieve and 

suppress the undesired images, resulting in blurred vision. require considerable time and experience on the part of the 

Even at add powers of +0.75 to +1.25 diopters, many 30 fi tter - 

patients suffer some blurring or ghosting with multifocal It is therefore an object of this invention to provi de true 

contact lens designs because their brains are not able to multifocal correction for moderate and mature^presh.VQpes. 

completely separate the desired image while simultaneously requiring up to +3.00 diopters of add power without the need 

completely suppressing the undesired images. to compensate one eye for near and the other eye for 

Some contact lens fitters may attempt to use aspheric distance, 

designs to achieve near distance correction of up to +2.00 It is a further object of this invention to provide rapid 

diopters (or more) by undercorrecting the distance vision of patient adaptation with minimal initial visual discomfort, 

the non-dominant eye by between 0.25 and 1.00 diopters, It is a still further object of this invention to provide a 

thereby theoretically providing up to +2.00 diopters (or 4Q presbyopic optical system that restores the phenomenon of 

more) of near vision correction, instead of the +0.75 to +1.25 natural accommodation. 

diopter correction that would be provided if that eye had It ^ a ^ object of this invention to provide a 

been fully corrected for distance vision with an aspheric system of fitting and methodology that allows a contact lens 

multifocal contact lens. The dominant eye would be cor- fitter with little or no mu i t ifocal contact lens fitting experi- 

rected to maximum distance acuity in such a situation. 45 ence t0 achieve a very degree of success and patient 

However, this creates even more blurring and ghosting. This satisfaction 
technique is called modified monovision. 

Aspheric optics have been incorporated on both the front DISCLOSURE OF INVENTION 

and back surfaces of soft contact lenses. However, it is These and other objects are achieved by a contact lens 

believed that front surface aspherical multifocal soft contact 50 having a central circular region (an "accommodation zone" 

lenses provide better presbyopic correction. Still, only lim- or "sweet spot" named zone 1) that is overcorrected for near 

ited success is achieved because providing add power of vision, and that is small enough that it does not impair 

+0.75 to +1.25 (or more) usually results in reduced distance distance vision. Preferably, a plurality of concentric transi- 

acuity. For this reason, many contact lens fitters find it tion regions (or rings), optimally two (named zone 2 and 

necessary, when using aspheric soft multifocal contact 55 zone 3, progressing radially outwardly), are provided 

lenses, to undercorrect the distance power in one eye to between the sweet spot and the outer region (or ring) of the 

improve near vision, while correcting the other eye fully for i en s (named zone 4), which is corrected for distance vision, 

distance vision, as discussed above. When attempting to fit Preferably, the sweet spot has a diameter of between 

moderate to mature presbyopes, this modified monovision approximately 1.0 millimeters and approximately 2.5 

almost always results in a visual compromise similar to that 60 millimeters, preferably between approximately 1.5 millime- 

of conventional monovision. ters and approximately 1.9 millimeters, and optimally either 

Concentric multifocal lens designs have an advantage approximately 1.5 millimeters or approximately 1.9 milli- 

over aspheric designs in the fitting and correcting of more meters. Preferably, the transition rings (zones 2 and 3) are 

mature presbyopes requiring add power of more than +1.25 each approximately 0.5 millimeters wide. Preferably also, 

diopters, primarily due to the availability of higher add 65 the remaining portion of the lens (zone 4) extends radially 

power correction and central power zones of different diam- outward from the outermost transition ring to at least 

eters. Concentric soft multifocal contact lenses have been approximately 8 millimeters. Because the human pupil 
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cannot expand beyond approximately 8 millimeters in reading material is brought closer to the eyes, up to about 

diameter, the portion of the lens extending more than eight inches (approximately 20 centimeters), near acuity 

approximately 8 millimeters radially outward from the cen- remains stable and often improves due to the increased near 

ter is not an optical portion and functions only as a carrier. power created by the sweet spot. 

Preferably, the sweet spot is spherical and is overcorrected 5 rj> ue to tne aon constant aspheric transition from the sweet 

by between 25% and 100% over the near vision correction spot to zone 4, adaptation problems associated with prior 

prescribed for the user. Preferably, the remaining optical designs of concentric or aspheric multifocal contact lenses 

portions of the lens are aspheric, with different diopter shifts are substantially reduced or eliminated completely, 

over different regions. Optimally, forjighadd power, zone Historically, the fitting of multifocal contact lenses has 

provides a diopter^hifi of approximatejya.e.daopters, 10 been more an art than a M ^ vafiables associated 

zone 3 provides a diopter shift of approximately 1.2 ^ fitting pre sbyopic contact lenses are considerable, 

diopters and zone 4 provides a diopter shift of approxi- 0 ften success has only been achieved through the process of 

mate.lv 0 9 diopters. For low add power, optimally zone 2 trying many different lenses on the patiem m ^ hope of 

provides a diopter shift of approximately 1.1 diopters, zone finding a lens that generates a good presbyopic response. 

3 provides a diopter shift of approximately 0.8 diopters, and 15 ^ lens fiUer > s degree of experience ^ the fitting of 
zone 4 provides a diopter shift of approximately 0.6 diopt- multifocal lenses has also been a key to achieving a suc- 

cessful fitting with good visual results. 

Tlie contact lens manufacturing lathe disclosed in the ^ fitti of lens£S accofdi tQ mis invemion ^ 

example below provided contact lenses that achieved the accurate centering of the lens over the n of the e in 

desired results. However, some experimentation may be *> ^ to ^ ^ Jq determme ^ 

necessary to achieve the desired resu t with different location of the sweet t relative (0 the a fe ofteQ 

equipment, but this experimentation should not be undue. difficult because the pupil may nm ^ aligfled ^ the ^ 

The invention incorporates both concentric and asphenc 0 f the cornea or for other reasons. Thus, the invention also 

design principles and can be produced with a high add power incorporates the use of a diagnostic trial lens with a white 

correction or a low add power correction. In addition, the ring corresponding in diameter and location to the sweet 

lens system offers two accommodation zone diameters for spot. The exact position of the center of the contact lens can 

different sized pupils to achieve maximum near point acuity be determined and the relative position of the sweet spot to 

without reduction in distance visual acuity. the pupil and the percentage of pupil covered by the sweet 

The higher add power lens has a power transition of 3.7 3Q spot is easily observed. The use of the diagnostic lens allows 

diopters across the usable optic zone, and the low add power the fitter to very quickly determine the proper sweet spot 

lens has a power transition of 2.6 diopters across the usable size, which increases the chances of successful fitting. For 

optic zone. example, if the accommodation zone does not align within 

The accommodation zone should cover approximately me pupil? the fitter knows that the standard lens design will 

50% of the pupil area for maximum success in distant, 35 not work and a custom lens design with an offset accom- 

intermediate and near visual acuity. The accommodation modation zone will be required. 

zone functions to restore the phenomenon of natural accom- Other objects, features and advantages of the present 
modation by creating a very small area of over magnification invention will become more fully apparent from the follow- 
in the center of the pupil of approximately 25% to 100% ing detailed description of the presently preferred embodi- 
over the near vision correction required by the indicated 40 ments for carrying out the invention and the accompanying 
reading add power. Surprisingly, distance vision will not be drawings, 
substantially impaired if the accommodation zone covers 

50% or less of the pupil area. Further, the function of natural BRIEF DESCRIPTION OF DRAWINGS 

accommodation will be restored to an unexpectedly great nr t • . * t - , . ... e 4l 
extent y J & FIG. 1 is a top elevational schematic view of a presently 

45 preferred embodiment of a contact lens according to the 

Although the inventor is not sure (and the validity and present i nvcri ti on for a who needs a high degree of 

enforceability of any patent issuing hereon shall not be K2L6iag correction (high add power) and a larger sweet spot; 
affected by the accuracy or inaccuracy of this explanation), t.,^, -, . , , . - 

;„w fl „L k n r ai , fi . * i i FIG. 2 is a top elevational schematic view of a presently 

the inventor believes that, in near vision, a user s pupils cj ^ . c . ^ «• , 

constrict, so that the accommodation zone occupies a laVge 50 pwfc "? em ^° dlment of a len f to the f 

enough portion of the pupil area for the accommodation p ™ mventl ° D fo , r a f*™? who f?* tt ^ degree of 
zone to become effective Normal reading correction is rea * ng correc,10n ( hl B h add P° wer ) »»t a smaller swee < 

SDOt' 

prescribed for approximately 15 inches (approximately 38 y ' 

centimeters). Accordingly, the overcorrection of the accom- FIG * 3 fc a l0 P elevational view of a contact lens according 

modation zone (sweet spot) allows the user to see from 8 55 to the P rese nt invention for a person who needs a lesser 

inches to 15 inches, thus restoring the function of natural de 8 ree of reading correction (low add power) and a larger 

accommodation. In distance vision, however, the pupil will sweet spot; and 

be normally dilated, so that the accommodation zone is FIG. 4 is a top elevational view of a contact lens according 

small enough that the brain ignores the image generated by to the present invention for a person who needs a lesser 

it. The constriction of the pupil for near vision is known as 60 degree of reading correction (low add power) and a smaller 

"accommodative pupil response." sweet spot. 

The accommodation zone is blended to the distance zone „„„„ ,,™ PQ ™ D PADDVFMP niTT 

4 via two zones of non constant aspherocity which allows BEST ^wmioS 
true monocular correction of near, intermediate and distant HUN 

vision. Near vision correction, when tested at the standard 65 The presently preferred best modes for carrying out the 

distance of approximately 15 inches (approximately 38 present invention are illustrated by way of example in FIGS, 

centimeters) offers normal best corrected acuity and when 1 to 4. 
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Referring to FIG. 1, shown is a first preferred embodiment In determining the appropriate curvatures for the various 

of a contact lens CL according to the present invention. The zones in the contact lens CL, the correction to restore 

contact lens CL is divided into a central circular region and distance vision must be determined first. The distance power 

four concentric ring shaped regions. The central region 10 correction is then applied to zone 4. The distance power 

will be referred to as zone 1, the accommodation zone, or the 5 correction is usually within a range between +20.00 diopters 

sweet spot. The immediately adjacent first ring shaped to -20.00 diopters. 

region 20 will be referred to as zone 2. The second ring After the distance correction is determined, the amount of 

shaped region 30 immediately adjacent to zone 2 will be correction for near vision ("add power") should be calcu- 

referred to as zone 3. The third ring shaped region 40 lated, A p erson with e arly to mod erate presbyopia would be 

immediately adjacent to zone 3 will be referred to as zone 4. to prescnfteTTlow additioW Te l^g po we r of up to +1775 * 

The maximum diameter of a human pupil when it is fully Biopters (referred to as^W adfry ^n^derate"^ 

dilated is approximately 8 millimeters, so that the ring advan cco^p^yop^wouia requir e a reao^g _correcU^ 

shaped region 50 of the contact lens extending radially TOmT75to" 2.75 diopters (feferrea to as a high addQ . 

outwardly from zone 4 is not an optical surface, but merely For a ni gh add presbyope, the aggregate change in powers J 

functions as a carrier to maintain the optical surface of zones 15 across to various zones is preferably approximately 3.7 / 

1 through 4 in position. diopters. For a low add presbyope, the aggregate change in I 

„ , powers across the various zones is preferably approximately / 

StructuraUy the zones can be described as follows. Zone 2 .6 diopters (approximately 70% of the total diopter shift for 

1 is preferably approximately 1.5 to 1.9 millimeters in a j^g^ a ^ c j\ __J 

diameter. Zone 2 and zone 3 are both preferably approxi- 20 _ ' ft , ^ , . , ^ 

. , „• t . .... r, jt c i_i j The corrective power of the various zones preferably does / 

mately 0.5 millimeters in width. Zone 4 preferably extends . . r . .... , , 4 f f 

t j, f c r ~ ~ .„: . „ not remain constant within each zone, instead, for a high add I 

outwardly from a radius of approximately 2.5 millimeters to , . c , . , . *, < ,- c < \ 

™ ; . i ^ n ■«■ * * • * i o presbyope, it is preferred that there be as 1.6 diopter shift \ 

approximately 2.9 millimeters to approximately 8 millime- r ** < o j- * n j ft n ) 

* m. .u i • j .f , , / _ across zone 2, a 1.2 diopter shift across zone 3 and a 0.9 / 

ters. Thus, the lens can be described as having a central , . . ,~ A 4l _ , ^ « A , , , - c * I 

, i . t n c .... . . 5* . diopter shift across zone 4, so that the total diopter shift 

sweet spot (zone 1), two 0.5 rmlhmeter intermediate zones 25 ^ ^ 2 3 ^ , . ^ d; J 

(zones 2 and 3), and a distance zone (zone 4) extending ^ ' . „ , 

outwardly from the intermediate zones to the edge of the Beca J use «■» ^et spot is so smaU, and because it must be 

optical portion of the contact lens (approximately 8 milli- cent&K ? » ' ,he P U P J m ord 5 for ^ "ivention to function 

meters radially outwards from the center). He total diameter P 10 ^*- co f ct lens u CL must be precisely manufac- 

of the contact lens CL will be approximately 13 to approxi- 30 ' n order t0 be s « re the sweet spot is properly centered 

mately 16 millimeters for a soft contact lens, so that the over * e Mto of . me P u P lL In order <° ^mphsh this 

carrier 50 will normally extend from approximately 8 mil- critical centering, it is preferred to mark a 1.9 millimeter 

limeters outwards to approximately 13.5 millimeters to centered , s P ot - P^fcrably white, on a pair of trial diagnostic 

approximately 15.0 millimeters, and optimally 14.5 miUi- f° ntact .^P 565 ' W '! h such a P a * ° f u tnal diagnostic contact 

meters 35 lenses, it is possible to detect whether a user s pupil is oft 

center (and other problems), so that the contact lens of the 

If this invention is practiced in connection with a hard present invention can be properly manufactured to center the 

contact or RGP lens, the total diameter of the contact lens CL sweet spot over the pupil. 

would be between approximately 7.0 millimeters and Th e inventor has discovered that an overcorrected central 

approximately 11.0 millimeters, and typically between 4Q portioa 0 f between approximately 1 to approximately 2.5 

approximately 8.0 millimeters and approximately 10.5 millimeters, and preferably approximately 1.5 to approxi- 

millimeters, and optimally approximately 9.5 millimeters. mate j y x.9 millimeters (optimally either 1.5 millimeters or 

Zone 1, the sweet spot, is preferably spherical, although 19 millimeters) in diameter does not substantially impair 

it can be aspherical. Zones 2, 3 and 4 are preferably distance vision of a contact lens. Surprisingly, the inventor 

aspherical in order to accommodate transitions in corrective 45 also has discovered that overcorrecting the central portion 

power across these zones. beyond the correction needed for near vision, restores an 

unexpectedly large portion of the function of natural accom- 

Conventional contact lenses consist of a carrier with a modation of the eye so that focus can be achieved over a 

central lens portion. The central lens portion is usually range of near distances. 

corrected for distance vision. This is described in U.S. Pat. 5Q Although> othcr ^nt^t lenses are known with central 

No. 4,119,2312, Evans, which is hereby incorporated by areas that are differently corrected than distance portions, 
reference. 


those central segments are either larger than the present 


The present invention differs from conventional multifo- invention's "sweet spot," or they do not overcorrect the 

cal contact lenses in that a small central portion of the lens sweet spot, or both. 

is overcorrected beyond the correction that would be nec- 55 It is preferred that the various zones have constant widths 

essary for reading. This central portion, the sweet spot or even if the size of the sweet spot differs. Thus, if the sweet 

accommodation zone, is small enough so that, surprisingly, spot is 1.9 millimeters in diameter, the diameters of zones 2, 

it does not impair distance vision when the user is looking 3, and 4 would all be approximately 0.4 millimeters greater 

at distant objects, but it restores the ability to focus on near than the corresponding diameters in a lens with a 1.5 

objects within a substantial range of distances from the 60 millimeter diameter sweet spot. It is also preferred that the 

wearer, such as, between 8 inches and 15 inches. It is diopter shifts between zones 2, 3, and 4 remain constant 

believed that the transition zones restore the ability to focus regardless of the size of the sweet spot for mature presby- 
as follows: zone 2 restores the inter mediate visuaLa.cauLv__ opes. FIG. 2 shows a contact lens according to the present 
between ap proxima tel y 15 lnches_and ap proximately-36.. invention with a smaller sweet spot. 

inches ,, and zon e 3 restores the intermediate visual acuit y 65 For early presbyopia, the amounts of the diopter shifts 

between_ap.pro3cimjttelv_3J5-inches-a nd full distance correc- across zones 2, 3, and 4 are preferably approximately 70% 

tion (infinity).-, of the diopter shifts for mature presbyopes. Thus, the pre- 
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ferred aggregate diopter shift for early presbyopes is 
approximately 70% of the diopter shifts for mature presby- 
opes. Thus, the aggregate diopter shift across zones 2, 3, and 
4 would be approximately 2.6 diopters; the diopter shift 
across zone 2 will be approximately 1 . 1 diopters; the diopter 5 
shift across zone 3 would be approximately 0.8 diopters and 
the diopter shift across zone 4 would be approximately 0.6 
diopters. FIGS. 3 and 4 show contact lenses for early 
presbyopes with large and small sweet spots. 

Although it is presently preferred to have intermediate 
zone 2 and 3, it is not known whether the presence of such 
zones is critical to the invention. Further, it is not known 
whether the manner in which the diopter shift is achieved by 
the aspheric shape of the various zones is critical. At present, 15 
it is preferred that the diopter shift take place at a constant 
radial rate in each zone, so that there is a different constant 
diopter shift rate in each of zones 2, 3, and 4. However, it is 
also possible that the benefits of this invention may be 
achievable by using varying diopter shift rates within a zone, 
or to increase or decrease the number of zones. 


10 


20 


Further, it is not believed to be critical that the diopter 
shifts be effected by shaping the contact lens. For example, 
it is possible to achieve the diopter shift by using material 25 
with differing indices of refraction in various different 
portions of the lens. Indeed, with appropriate control over 
the diffusion of materials with different indices of refraction 
during molding of contact lenses, it is possible that the 
present invention could be practiced with a lens that is 30 
spherical or that does not have differently formed lens 
portions. 

The sweet spot is preferably overcorrected between 25% 
) and approximately 100% stronger than the prescribed read- 35 
/ ing correction requirement. 

For example, for a high add, it would be preferred that the 
( sweet spot be from 3.5 to 5 diopters more plus add power 
\ than the distance zone (zone 4), between 3.5 to approxi- 40 

] mately 3.9 diopters being even more preferred, and approxi- 
/ mately 3.7 diopters being optimal. For a low add, it would 
\ be preferred that the sweet spot be from 2.0 to 3.5 diopters 

\more plus add power than the distance zone (zone 4), with 
between approximately 2.4 and approximately 2.8 diopters 45 

(being more preferred, and optimally approximately 2.6 

/ diopters. 


EXAMPLE 1 

A Microturn 9000 three axis radius lathe with aspheric 
surface cutting capabilities has been used to make contact 
lenses according to the present invention with base curves of 
8.6 millimeters wet (6.6 millimeters dry). The lenses were 
manufactured dry from Ocufilcon B (a 53% water content 
material) and were hydrated afterwards. Therefore compen- 
sating calculations were made to achieve the appropriate 
hydrated parameters, such as base curve, radial expansion, 
linear expansion, power changes due to changes in index of 
refraction caused by hydration. When hydrating Ocufilcon 
B, the linear expansion parameter is approximately 1.35, the 
radial expansion parameter is approximately 1.30, and the 
power change parameter is approximately 0.57. The settings 
for the various radii of curvature in the various zones (for 
dry manufacturing using Ocufilcon B) are shown in the 
following cutting charts: 


50 
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8.60 high add minus power 


Zone 1 


CENTER 

1.10 

1.50 

1.90 

6.00 

DIA. 

C.T. 

DIST. 

POWER 

1.40 

1.80 

2.20 

6.00 

DIA. 

C.T. 

POWER 

Pi 

6.73 

6.98 

7.17 

7.30 

.16 



-.25 

6.77 

7.02 

7.21 

7,35 

.16 



-.50 

6.83 

7.06 

7.25 

7.40 

.16 



-.75 

6.86 

7.11 

7.29 

7.46 

,16 



-1.00 

6.90 

7.15 

7.33 

7.50 

.16 



-1.25 

6.93 

7.18 

7.37 

7.53 

.16 



-1.50 

6.96 

7.22 

7.41 

7.58 

.16 



-1.75 

7.00 

7.25 

7.45 

7.62 

.16 



-2.00 

7.05 

7.29 

7.49 

7.66 

.15 



-2.25 

7.09 

7.33 

7.53 

7.70 

.15 



-2.50 

7.13 

737 

7.58 

7.75 

.15 



-2.75 

7.17 

7.41 

4.62 

7.79 

.15 



-3.00 

7.21 

7.46 

7.67 

7.84 

.14 



-3.25 

7.24 

7.51 

7.71 

7.89 

.14 



-3.50 

7.28 

7.56 

7.76 

7.94 

.14 



-3.75 

7.31 

7.60 

7.80 

7.99 

.14 



-4.00 

7.35 

7.65 

7.85 

8.04 

.13 



-4.25 

7.38 

7.70 

7.90 

8.07 

.13 





8.60 high add plus power 




Zone 1 

2 

3 

4 




CENTER 

1.10 

1.50 

1.90 

6.00 

DIA. 

C.T. 

DIST. 

POWER 

1.40 

1.80 

2.20 

6.00 

DtA. 

C.T. 

POWER 

Pi 

6.73 

6.98 

7.17 

7.30 

.16 



+.25 

6.71 

6.95 

7.13 

7.27 

.17 



+.50 

6.68 

6.91 

7.09 

7.23 

.17 



+.75 

6.65 

6.87 

7.05 

7.19 

,17 



+1.00 

6.62 

6.84 

7.02 

7.16 

.17 



+1.25 

6,59 

6.80 

6.98 

7.12 

.17 



+1.50 

6.56 

6.77 

6.94 

7.08 

.17 



+1.75 

6.52 

6.73 

6.90 

7.04 

.18 



+2.00 

6.49 

6.70 

6.87 

7.00 

.18 



+2.25 

6.46 

6.66 

6.83 

6.96 

.18 



+2.50 

6.44 

6.63 

6.80 

6.93 

.18 



+2.75 

6.40 

6.59 

6.76 

6.89 

.18 



+3.00 

6.37 

6.56 

6.72 

6.85 

.19 



+3.25 

6.34 

6.53 

6.69 

6.80 

.19 



+3.50 

6.31 

6.50 

6.66 

6.75 

.19 



+3.75 

6.28 

6.47 

6.62 

6.73 

.20 



+4.00 

6.26 

6.44 

6.59 

6.70 

.20 



+4.25 

6.23 

6.41 

6.56 

6.67 

.20 





8.60 low add plus power 




Zone 1 

2 

3 

4 




CENTER 

1.10 

1.50 

1.90 

6.00 

DtA. 

C.T. 

DIST. 

POWER 

1.40 

1.80 

2.20 

6.00 

DtA. 

C.T. 

FOwbK 

nl 

P 1 

O. / j 

6.93 

7.06 

7.17 

.16 



+.25 

6.70 

6.89 

7.02 

7.13 

.17 



+50 

6.67 

6.85 

6.98 

7.10 

.17 



+.75 

6.63 

6.82 

6.93 

7.06 

.17 



+1.00 

6.60 

6.79 

6.89 

7.02 

.17 



+1.25 

6.58 

6.74 

6.86 

6.98 

.17 



+1.50 

6.56 

6.70 

6.84 

6.95 

.17 



+1.75 

6.52 

6.67 

6.80 

6.91 

.17 



+2.00 

6.49 

6.64 

6.77 

6.87 

.18 



+2.25 

6.46 

6.61 

6.73 

6.83 

.18 



+2.50 

6.43 

6.58 

6.70 

6.79 

.18 



+2.75 

6.40 

6.55 

6.66 

6.75 

.18 



+3.00 

6,37 

6.52 

6.63 

6.72 

.19 



+3.25 

6.34 

6.48 

6.60 

6.68 

,19 



+3.50 

6.31 

6.45 

6.57 

6.65 

.20 



+3.75 

6.28 

6.42 

6.54 

6.62 

.20 



+4.00 

6.26 

6.39 

6.51 

6.59 

.20 



+4.25 

6.23 

6.36 

6.47 

6.56 

.20 
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-continued What is claimed is: 

1. A contact lens, comprising: 


CENTER 

1.10 

1.50 

1.90 

6.00 

DIA. 

C.T. 

DIST. 

POWER 

1.40 

1.80 

2.20 

6,00 

DIA. 

C.T. 

POWER 

pl 

6.73 

6.93 

7.06 

7.17 

.16 



-.25 

6.77 

6.96 

7.10 

7.21 

.16 



-.50 

6.81 

7.00 

7.14 

7.25 

.16 



-.75 

6.85 

7.03 

7.18 

7.29 

.16 



-1.00 

6.89 

7.07 

7.22 

7.33 

.16 



-1.25 

6.93 

7.11 

7.25 

7.37 

.16 



-1.50 

6.97 

7.15 

7.29 

7.41 

.16 



-1.75 

7.01 

7.19 

7.33 

7.45 

.16 



-2.00 

7.05 

7.24 

7.37 

7.50 

.15 



-2.25 

7.08 

7.28 

7.41 

7.54 

.15 



-2.50 

7.12 

7.32 

7.46 

7.58 

.15 



-2.75 

7.16 

7.36 

7.51 

7.62 

.15 



-3.00 

7.20 

7.40 

7.55 

7.67 

.14 



-3.25 

7.23 

7.44 

7.59 

7.71 

.14 



-3.50 

7.27 

7.48 

7.64 

7.76 

.14 



-3.75 

7.31 

7.52 

7.68 

7.80 

.14 



-4.00 

7.35 

7.57 

7.73 

7.85 

.13 



-4.25 

7.39 

7.61 

7.77 

7.89 

.13 




8.60 low ad d minus power . . 

c a circular central region overcorrected for near vision by 

Zone 12 3 4 approximately 25% to approximately 100% with 

5 respect to the near vision correction prescribed for the 
user, wherein said central region covers approximately 
50% or less of a pupil area to avoid impairing distance 
vision; 

at least one ring shaped transition region extending radi- 
10 ally outward from said central region; 

a ring shaped outer region extending radially outward 
from said transition region corrected for distance 
vision; and 

15 a ring shaped carrier region extending radially outward 
from said outer region; 
wherein said transition region provides a correction hav- 
ing at least a partial diopter shift over said transition 
region between said overcorrection of said central 
20 region and said distance correction of said outer region. 
2. A contact lens according to claim 1, wherein said 
central region is between approximately 1 millimeter and 

. - . , approximately 2.5 millimeters in diameter. 

It is preferred that the contact lenses contonn to industry ~ A . . i a- * i • i u • -a 

. , K £ . ,.. , c Ci 4 4 , 7 3. A contact lens according to claim 2, wherein said 

standards tor inside radii, which tor sort contact lenses are „ t , . , ^ . , , . r . , 

presently between 7.5 and 9.5 millimeters, and typically 25 central region is between approximately 

between 8.30 millimeters and 8.6 millimeters. For RGP and approximately 19 millimeters m diameter 

hard lenses, the industry standard inside radii are between 4 - A contact lens according to claim 1, wherein said 

7.0 millimeters and 8.5 millimeters, and typically between central ™& on has a diameter of less than approximately 1.9 

7.3 and 8.2 millimeters. millimeters. 

It is presently preferred that the contact lens of the present 30 5 - A lens according to claim 2, wherein said 

invention comprise conventional soft contact lens material, central region has a diameter of approximately 1.5 millime- 

such as Ocufilcon B with 53% water content, because ^ TS - 

contact lenses have been successfully manufactured using 6. A contact lens according to claim 2, wherein said 

this material. However, any conventional soft or rigid con- central region has a diameter of approximately 1.9 millime- 

tact lens material may be used to practice the invention (as 35 ters. 

long as appropriate compensations are made for parameters 7. A contact lens according to claim 1, wherein said lens 

that may change during hydration for soft contact lens has at least a first transition region and a second transition 

material). The inventor believes that Benz 55G or Metha- region. 

filcon A may be as good as, or better than, Ocufilcon B in the 8. a contact lens according to claim 7, wherein said lens 

practice of the present invention, but no lenses according to 4 q has two transition regions and each of said transition regions 

the present invention have yet been made with these mate- ^ approximately 0.5 millimeters wide, 

rials. 9, y\ contact lens according to claim 7, wherein said 

While the present invention has been disclosed in con- transition regions are aspherical. 

nectionwith the presently preferred embodiments described 10 A ccmtact lens according to claim 7, wherein said 

herein, it should be understood that there may be other 45 ^ nsixion regions are spherical. 

embodiments which fall within the spirit and scope of the n A , ens accordin t0 claim 7 wherein ^ 

invention as defined by the claims For example, this inven- ^ &m acfOSS said firgt ion is at a fi[St 

Hon can be practiced with contact lenses that are made by J across ^ second 

kS t^mX!^^^^ ttansition region is at a second constant radial rate, 

not limited to) molding, spin casting, or extruding . This _ A ° . A , . - . . 
invent ion also can be applied to intraocular lens imnknTT 50 12 ; Acontact lens according to claim 7, wherein said first 

-a^refractive surgical procedures (including raaiai transition region provides a diopter shift of approximately 

keratotomy, photo refractive keratotomy, and corneal 1 .6 diopters, said second transition region provides a diopter 

implantation) that reshape the cornea. Furthermore, this shift of approximately 1.2 diopters, and said outer region 

invention can be practiced in combination with spherical or provides a diopter shift of approximately 0.9 diopters, 

astigmatic (toric) contact lenses. Toric lens prescriptions 55 13. Acontact lens according to claim 7, wherein said first 

comprise spherical power corrections, usually between +20 transition region provides a diopter shift of approximately 

and -20 diopters (commonly between +8 and -8 diopters), 1.1 diopters, said second transition region provides a diopter 

and cylindrical power corrections, usually between 0.5 shift of approximately 0.8 diopters, and said outer region 

diopters and 10 diopters (commonly between 1 and 4 provides a diopter shift of approximately 0.6 diopters, 

diopters). The present invention can be practiced within this 60 14. Acontact lens according to claim 1, wherein said outer 

entire range of toric (astigmatic) lens prescriptions. region has a diameter of approximately 8 millimeters. 

Accordingly, no limitations are to be implied or inferred in 15. A contact lens according to claim 1 wherein optical 

this invention except as specifically and explicitly set forth correction of at least one of said regions is provided by a 

in the claims. material with differing indices of refraction in different 

Industrial applicability. This invention can be used when- 65 portions, 

ever it is desired to provide a contact lens that corrects for 16, Acontact lens according to claim 1, wherein said lens 

distance vision as well as near and intermediate vision, is made from materials selected from the group consisting of 
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conventional soft lens material, rigid gas permeable contact 
lens material, or hard contact lens material. 

17. An intraocular implant, comprising: 

a circular central region overcorrected for near vision by 
approximately 25% to approximately 100% with 
respect to the near vision correction prescribed for the 
user, wherein said central region covers approximately 
50% or less of a pupil area to avoid impairing distance 
vision; 

at least one ring shaped transition region extending radi- 
ally outward from said central region; and 

a ring shaped outer region extending radially outward 
from said transition region corrected for distance 
vision; and 

a carrier region extending radially outward from said 
outer region; 

wherein said transition region provides a correction hav- 
ing at least a partial diopter shift over said transition 
region between said overcorrection of said central 
region and said distance correction of said outer region. 

18. An intraocular implant according to claim 17, wherein 
said central region is between approximately 1 millimeter 
and approximately 2.5 millimeters in diameter. 

19. An intraocular implant according to claim 18, wherein 
said central region is between approximately 1.5 millimeters 
and approximately 1.9 millimeters in diameter. 

20. An intraocular implant according to claim 17, wherein 
said central region has a diameter of less than approximately 
1.9 millimeters. 

21. An intraocular implant according to claim 18, wherein 
said central region has a diameter of approximately 1.5 
millimeters. 

22. An intraocular implant according to claim 18, wherein 
said central region has a diameter of approximately 1.9 
millimeters. 

23. An intraocular implant according to claim 17, wherein 
said lens has at least a first transition region and a second 
transition region. 

24. An intraocular implant according to claim 23, wherein 
said lens has two transition regions and each of said tran- 
sition regions is approximately 0.5 millimeters wide. 

25. An intraocular implant according to claim 23, wherein 
said transition regions are aspherical. 

26. An intraocular implant according to claim 23, wherein 
said transition regions are spherical. 

27. An intraocular implant according to claim 23, wherein 
said diopter shift across said first transition region is at a first 
constant radial rate and said diopter shift across said second 
transition region is at a second constant radial rate. 

28. An intraocular implant according to claim 23, wherein 
said first transition region provides a diopter shift of 
approximately 1.6 diopters, said second transition region 
provides a diopter shift of approximately 1.2 diopters, and 
said outer region provides a diopter shift of approximately 
0.9 diopters. 

29. An intraocular implant according to claim 23, wherein 
said first transition region provides a diopter shift of 
approximately 1.1 diopters, said second transition region 
provides a diopter shift of approximately 0.8 diopters, and 
said outer region provides a diopter shift of approximately 
0.6 diopters. 

30. An intraocular implant according to claim 17, wherein 
said outer region has a diameter of approximately 8 milli- 
meters. 
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32. An intraocular implant according to claim 17, wherein 
said lens is made from materials selected from the group 
consisting of conventional soft lens material, rigid gas 
permeable contact lens material, or hard contact lens mate- 
rial. 

33. A contact lens having a pupil area, comprising: 
a central accommodation zone covering approximately 

half of said pupil area overcorrected for near vision by 
between approximately 25% to approximately 100% 
with respect to the near vision correction prescribed for 
the user; 

at least one concentric transition region extending radially 

outward from said accommodation zone; and 
a concentric outer region extending radially outward from 

said transition region corrected for distance vision; 
wherein said transition region provides a correction hav- 
ing at least a partial diopter shift over said transition 
region between said overcorrection of said central 
accommodation zone and said distance correction of 
said outer region. 

34. A contact lens according to claim 33, having an add 
power of between approximately 3.5 and approximately 3.9 

25 diopters. 

35. A contact lens according to claim 33, having an add 
power of approximately 3.7 diopters. 

36. A contact lens according to claim 33, having an add 
power of between approximately 2 and approximately 3.5 

30 diopters. 

37. A contact lens according to claim 33, having an add 
power of between approximately 2.4 and 2.8 diopters. 

38. A contact lens according to claim 33, having an add 
power of approximately 2.6 diopters. 

39. An intraocular implant having a pupil area, compris- 
ing: 

a central accommodation zone covering approximately 
half of said pupil area overcorrected for near vision by 
between approximately 25% to approximately 100% 
with respect to the near vision correction prescribed for 
the user; 

at least one concentric transition region extending radially 

outward from said accommodation zone; and 
a concentric outer region extending radially outward from 

said transition region corrected for distance vision; 
wherein said transition region provides a correction hav- 
ing at least a partial diopter shift over said transition 
region between said overcorrection of said central 
accommodation zone and said distance correction of 
said outer region. 

40. An intraocular implant according to claim 39, having 
an add power of between approximately 3.5 and approxi- 
mately 3.9 diopters. 

41. An intraocular implant according to claim 39, having 
an add power of approximately 3.7 diopters. 

42. An intraocular implant according to claim 39, having 
an add power of between approximately 2 and approxi- 

60 mately 3.5 diopters. 

43. An intraocular implant according to claim 39, having 
an add power of between approximately 2.4 and 2.8 diopt- 
ers. 

44. An intraocular implant according to claim 39, having 
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31. An intraocular implant according to claim 17 wherein 
optical correction of at least one of said regions is provided 65 an add power of approximately 2.6 diopters, 
by a material with differing indices of refraction in different 
portions. 
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